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Multi-Materials -

The Key to Drastic Weight Reduction
in Transportation Equipment

For Realizing a Low Carbon Society

Innovative Structural Materials Association (ISMA) was estab-
lished on October 25, 2013 with a 10 year plan, with the aim of
drastically reducing the weight of transportation equipment,
particularly automobiles. As of April 2019, the membership of
ISMA consisted of 43 companies, two national research insti-
tutes and two universites.

In recent years, multi-material design, that is, using the
right lightweight materials in the right parts, has played an
increasingly significant role in technology development for
auto body weight reduction. ISMA is promoting the develop-
ment of joining technologies for dissimilar material, which
will be the key to realizing multi-material structures, and
technology development related to higher performance in
the main structural materials used in transportation equip-
ment, such as steel sheets, aluminum alloys, titanium alloys,
magnesium alloys, carbon fiber and carbon fiber reinforced
thermoplastics(CFRTP), in an integrated manner.

The first 5 years of this 10 year project have devoted mainly
to material development in advance of other work, and we have
achieved our interim targets for almost all research themes. In
the second 5 years, we will focus on the development of design
technologies and multi-material technologies for commercializ-
ing the developed materials. We aim to propose multi-material
designed automotive bodies based on further development of
CAE (Computer Aided Engineering) utilizing computation sci-
ence, and we will also grapple with the development of a CFRP
recycling technology that prioritizes Life Cycle Assessment,
leading to zero emissions.

Together with reducing energy consumption and CO,
emissions by improving the fuel efficiency of transportation
equipment, accelerating the popularization of next-generation
automobiles and strengthening the international competitive-
ness of Japan’s parts and primary materials industries and their
user industries, we also intend to devote our full efforts to cre-
ating a leading domestic center of scientific research related to
structural materials.

About Research and Development Partnership

ISMA is one of the association of “Research and Development Partnership.” It
is a mutual benefit organization (non-profit mutual benefit corporation) in which
members conduct joint research in connection with technologies used in indus-
trial activities for the benefit of the members concerned. In carrying out this joint
research, the respective organization members provide the researchers, research
funding, equipment and other related items, and jointly manage the outcomes of
that research for mutual use by the members.
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Prototype of carbon fiber reinforced
thermoplastic (CFRTP) automobile
chassis
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Prototype of high-speed railway car body

made from flame-retardant
magnesium alloy
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October, 2013

Innovative Structural Materials Association (ISMA) was es-
tablished as a commissioned project of Japan’s Ministry of
Economy, Trade and Industry (METI).

“Development of Thermoplastic CFRP” was added to re-
search themes.

ISMA project became “New Innovative Structural Materials
Research and Development,” a commissioned project of
the New Energy and Industrial Technology Development
Organization (NEDO).

“Basic R&D for Carbon Fiber Innovation” was added to
research themes.

“Development of Structural Materials Evaluation Using
Neutron and Other Quantum Beams” and Development of
Adhesion Technology for Structural Materials” were added
as new R&D themes.

“Development of Innovative Design Technology for Multi-
Material Auto Body Weight Reduction,” “Development of
Materials Integration (Ml) Use Technology for Performance/
Life Extension of Magnesium Materials,” “Development
of Corrosion Behavior Analysis Technology for Ultra-High
Strength Steel Sheets” and “Development of Hydrogen
Embrittlement Behavior Evaluation Technology for Ultra-
High Strength Steel Sheets” were added to the ISMA's
R&D themes.
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Research and Development Themes
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“Development of corrosion resistant surface treatment
evaluation technology for multi-material body” was added
to the ISMA’'s R&D themes.

Innovative Joining Technology and Material Development

Ea il
Welding and Joining
Technology
FEfEEs (FSW)
Friction stir welding (FSW)
MRS

Dissimilar material joining

IR
Material Development

BE Carbon fiber reinforced
Adhesion technology thermoplastic (CFRTP)

MM Carbon fiber

BESAEM  Ultra-high strength steels
ZIWIAE Aluminum alloys

Y ZABE Magnesium alloys
FRUAE Titanium alloys
#o] 8t CFRP (CFRTP)

% 5 £ERY Second Half (Second 5-Year Period)
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Development of Multi-Material Technology

JWLFIFUTIES
Multi-Material Joining

EEEER TIVIA
Ultra-high strength steel / Aluminum alloy

BEimER CFRTP R P2—

Ultra-high strength steel / CFRTP

7II&%/ CFRTP
Aluminum alloy / CFRTP
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Simulation of joining technology

Development of evaluation technology
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Modeling of body-in-white
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Examples of multi-material components for auto body weight reduction

Development of Multi-material Technology

Aiming at Establishment of a Multi-Material
Structure Designed Auto Body

Introduction of multi-material structures, using the right materials
in the right parts, is necessary and indispensable for reducing the
weight of automobiles, aircraft and other transportation equip-
ment. At present, however, these efforts are limited to simple
substitution of materials because design techniques for true
multi-material structures still have not been established. Thus,
comprehensive technology development, beginning with estab-
lishment of design techniques for optimizing multi-material struc-
tures and also including modeling of joints of dissimilar materials,
is an urgent challenge. Because integration of development re-
sults for different types of materials and collaboration will be criti-
cal, in this research, ISMA is constructing a system and organiza-
tion to encourage collaboration and promoting related activities.
To maximize project outcomes, we have made “Development of
Multi-material Technology” our top R&D challenge since FY2018.
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Construction of topology optimization system:
Optimization of 3-material (steel, aluminum and magnesium) suspension tower structure
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Tetrahedral mesh
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Strict performance evaluation/optimization

HyperMesh

Multi-Materials -
Development of Innovative Design Technology for
Auto Body Weight Reduction

In this research, ISMA’s developing design tools applying the structural
topology optimization method, which is an analytical technique suited to
the design of multi-material structures. Concretely, a design tool is com-
pleted by constructing an analytical system that links modeling of the
target of analysis, visualization of the analytical results and the topology
optimization method, studying the evaluation and modeling of the multi-
material interface for joints between dissimilar materials, and studying
the applicability to the multi-material structure to the automotive body.
Finally, detailed design by the materials and welding/joining techniques
developed in this project is carried out, and a multi-material designed
auto body is proposed.
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Development of Innovative Welding and Joining Technology

Development of Welding and Joining
Technology for Multi-Materials Structured
Car Body

Various joining processes of fusion welding, brazing, solid phase
bonding, adhesion and mechanical fastening have been devel-
oped for similar/dissimilar material joining of structural parts.
However, from the viewpoints of joint performance, productivity
and cost, those existing joining processes are not sufficient for
implementing as the practical joining process in the car body
production line. In this research and development, we are work-
ing on the establishment of friction stir welding and/or fusion
welding which can be applied to joining hard-to-join materials
such as ultra high strength steels including medium/high car-
bon steels and titanium alloys, and dissimilar material joining of
metal to CFRTP, together with in-situ observation and modeling
of joining processes, and evaluation of joint performance. For
dissimilar material joining, ISMA began the development of ad-
hesion process for structural materials from FY 2017. In collabo-
ration with multi-material design technique, we are conducting
the development with basic research on welding and joining pro-
cesses that demonstrate suitable joint performance correspond-
ing to the material selection, aiming to realize the innovative join-
ing technology with excellent cost competitiveness practically
used in the car body production.

RIVFIFTU7IVIEERET Multi-Material Structure Design
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Material selection of steel, aluminum, CFRTP, resin, etc. corresponding to applied part
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Joining of ultra-high strength steel
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Joints of dissimilar materials
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Laser welding
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Resistance spot welding

ESHif Welding and Joining Technologies
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Joining technologies for ultra-high strength steels
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Joining technologies for dissimilar materials
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Fusion Welding Brazing
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Solid phase bonding
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Evaluation Technology and Simulation Technology for Improvement of Joint Performance/Productivity




SR R DR

NILFRTUTZIVEEDRRE(ICF. TOCXEE
DHEBRHERT. REDDEL, BIEZHEERTE
DEBEANMEL CVET, BEEE PRI,
EEMDORBZEHRT DI, FREEFIDOFRF
P BEXANDZALBRAEFHMAEDET, EEH
DA M 7ZB LT DFEDHELZBIEL CWLWET,

BIE®EER In-process painting

Development of Adhesive Joining
Technology for Structural Materials

Adhesive joining, which can secure structural rigidity with minimal
deformation at a comparatively low process temperature, is suit-
able for realizing multi-material structures. To solve the problems
of joint strength, durability and productivity, ISMA is now develop-
ing new adhesives and aims to elucidate the adhesion mechanism
and establish an evaluation method, and establish a technique for
improving bond durability.
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high temperature.) (Adhesive is hardened by
room temperature.)
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1004 Low-temperature rapid curing High strength and High ductility epoxy
modified silicon >30 MPa & > 30 %
>10 MPa & > 100 %
1 MPa @ 80°C X 2 min
g7 IUI
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1 RUS LYY acrylic adhesive
Two-component
polyurethane SHMEIRYY
High strength epoxy
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Epoxy (general- —_— Heat resistance and High toughness epoxy
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Development of Measurement / Evaluation Technology

Development of Measurement / Evaluation
Technology to Accelerate Practical
Application of Developed Materials

Measurement and evaluation technology will play a critical
role in practical application of the developed materials and in
multi-material structures. ISMA is engaged in technology de-
velopment in connection with analysis of structural materials,
etc. by using neutron and other quantum beam techniques,
and analysis and evaluation of corrosion and hydrogen em-
brittlement behavior for application of ultra-high strength steel
sheets and other advanced materials.

Development of Structural Material Analysis
Technology Using Neutron and Other Quantum
Beam Techniques

Use of neutron technology, which enables nondestructive analysis of
the microstructure of structural materials, is a basic interdisciplinary
technology that makes it possible to realize advanced performance in
steel sheets, lightweight materials, CFRTP, etc., and also to understand
the condition of the joints and adhesive interfaces of multi-material
structures. However, improvement of the accuracy of material analysis
techniques and establishment of a user system that enables easy use
by researchers and others are challenges that must be overcome. In
this research, ISMA began introducing new compact neutron systems
at the National Institute of Advanced Science and Technology (AIST) in
FY 2017, and is also constructing a network with other compact neu-
tron facilities (Hokkaido University, RIKEN), aiming at practical applica-
tion in industrial uses of neutrons.

BRI SR CRFER O/ BRI FHEEROEFIESR E—AS 1~ (2019 FEERARR)

Electron accelerator beamline at the compact accelerator-based neutron facility currently under development at AIST

(start of operation: FY 2019)
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[EBER Corrosion factors @

[SRZERA Corrosion factors ®

Analysis of corrosion product film / passive film properties,
which resist corrosion.

[SRZERA Corrosion factors ®

A F ERIS & RERERIFFADEREN 1T & D B ERIDETE
Measurement of base material potential, which is the
driving force for the local ionization reaction and action of
local potential.
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Development of Corrosion Behavior Analysis
Technology

ISMA is conducting technology development for macro- and micro-eval-
uation of the corrosion behavior of ultra-high strength fine-grained steels
containing interfaces of multiple heterogenous phases.

Fe2+ KBR
BRAF Y LM OBEIERATH 2 [ER - BRI DA . Aqueous
Measurement of “current / corrosion state,” which is an 17 1E solution
interaction of corrosive ions and steel. lonization

(" #HFIZERA Material factors @
7 um-nm 7 —4—TOHEBHIE

Structural control at sub-pm/nm order

#HEIZE Material factors @

YUOBRFEMES I OBRKOTE
Comparison of macro corrosion
characteristics and micro phenomena

#HIZER Material factors ®

TUEORFEDER
Grasp corrosion protection
characteristics of rust layer

Development of Delayed Fracture (Hydrogen
Embrittlement) Behavior Evaluation Technology

ISMA is also developing evaluation and analysis technology that takes
into account the distinctive forming (plastic deformation) applied to auto-
motive steel sheets, as well as stresses and hydrogen that affect automo-
tive sheets.

K=
Hydrogen
*Cathodic hydrogen charge
*Atmospheric corrosion

*Hydrogen distribution of bent parts

*Hydrogen aggregation of
cracked part

Etc.
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[Research Achievements] Development of Innovative Materials
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Development of Innovative Steel
Sheets

With the aim of developing the world’s highest perfor-
mance ultra-high strength steel sheets for automotive
use, ISMA targeted laboratory-level development of a
steel sheet having tensile strength of 1.5 GPa, which
is 2.5 times that of the conventional material (590 MPa
class steel sheet) and elongation of 20 %, which is
equal to that of the conventional material, while avoid-
ing the use of rare metals as far as possible, by utilizing
inexpensive carbon. Technology development of three
approaches was successfully achieved: (1) Combined
use of advanced control of retained austenite (y) and
refinement of the metallographic structure, @ Forma-
tion of a fine-grained martensite structure by addition
of light elements based on high carbon steel, and op-
timization of the composition design and rolling/heat
treatment conditions and 3 Uniform dispersion of fine
y by utilizing carbon, and optimization of the alloy com-
position and heat treatment conditions. As a result, the
final target was achieved in FY 2017.
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Development of Innovative
Magnesium Alloys

The target of this R&D theme was development of a rare
earth-free magnesium alloy with an excellent flame-
retardant property, and replacement of the body struc-
ture of high speed railway cars, in which aluminum ma-
terials are mainly used at present, with the magnesium
alloy. In 2018, ISMA trial-manufactured a partial mock-
up structure (a length of 1 m), which is the world’s
largest magnesium alloy section to date, with the same
cross-sectional size as the current shinkansen bullet
train cars. Future plans include trial manufacture of a
longer mockup of a partial structure and tests to verify
safety in long-term use. In other work, ISMA also be-
gan development of an M| (Materials Integration) use
technology for prediction of the performance and life of
magnesium materials..
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Development of Innovative
Aluminum Alloys

In order to develop a high strength aluminum alloy,
ISMA developed an alloy and manufacturing process
that increases the tensile strength of the existing ma-
terial (A7150) by 25 % or more while maintaining the
same ductility and toughness. A room temperature
electrolytic refining process utilizing an ionic liquid was
also developed as an alternative to the conventional
Hall-Héroult process, which is an electric power-inten-
sive technology. ISMA is also promoting development
of high strength, high ductility automotive aluminum
materials by using a multilayer structure, and is en-
gaged in technology development of the basic manu-
facturing process, including the alloy composition, and
study toward use in actual automotive members.
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Automatic particle analysis system which
accelerates analysis and evaluation of material
fracture behavior

HIRET TRV D ©AEERERINEEMEEE
Prototype of high-speed railway car body made
from flame-retardant Mg alloy

YR G HE IR
Precision controlled rolling device
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Development of Innovative
Titanium Alloys

ISMA is developing a titanium production process with
the aim of reducing manufacturing costs. In a theme
aimed at reducing the cost of the sheet manufacturing
process by development of an innovative refining pro-
cess technology and omission of manufacturing pro-
cesses, a laboratory-scale study was completed, and
this research has now entered the scaling-up stage.
We have also succeeded in technology development
(laboratory scale) of a deoxidation process for molten
titanium when using low-cost raw materials, and in
development of a titanium alloy with excellent strength
and machinability. ISMA is also promoting the develop-
ment of a new refining method as a substitute for the
conventional Kroll process, aiming at practical applica-
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CFRP (CFRTP)

In this research area, ISMA’s goals are to establish the
basic technology for high speed molding of large mem-
bers of thermoplastic CFRP for application to mass-
produced automobiles, and practical application and
expanded use in automotive structures by applying a
hybrid molding technology for CFRP and various high
strength/high functionality materials. Trial manufacture
of a thermoplastic CFRP chassis was carried out in
2017 (see photo on p. 2), and a 10 % weight reduction
in comparison with the conventional aluminum chas-
sis was achieved. ISMA is also developing an energy
saving technology with superior Life Cycle Assessment
(LCA) performance based on the development of a
CFRP recycling technology.
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Basic R&D for Carbon Fiber
Innovation

To innovate the current carbon fiber production pro-
cess, in which acrylic fibers are heated flame-proofed
and then carbonized (baked) at high temperature in
nitrogen gas. ISMA aims to establish the basic tech-
nology of an energy-saving, high productivity carbon
fiber production process. To date, we have succeeded
in synthesizing the world’s first solvent-soluble flame-
resistant polymer. We have also realized high speed
carbonization within a timeframe of seconds, utilizing a
microwave heating carbonization technology, which is
a feature of direct heating. We are aiming to complete
a large-tow (48 K) for carbon fiber with performance
surpassing an elastic modulus of 240 GPa and strength
of 4 GPa with a single filament diameter of 7 pm.

BFe ARV IF 5V BENERIH
Automatic high-Fe titanium sponge sorting
machine

AYLFT-DEERRAZY AT L
Large LFT-D (Long Fiber Thermoplastic — Direct)
high speed forming system

MR LR E ORISR A DRATIE
Precursor fiber spinning process that does not
require flame resistance
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